In this paper, we discuss findings from a study that used panoramic video-based virtual environments (PVVEs) to induce self-reported anger. The study assessed "immersiveness" and physiological correlates of anger arousal (i.e., heart rate, blood pressure, galvanic skin response [GSR], respiration, and skin temperature). Results indicate that over time, panoramic video-based virtual scenarios can be, at the very least, physiologically arousing. Further, it can be affirmed from the results that hypnotizability, as defined by the applied measures, interacts with group on physiological arousal measures. Hence, physiological arousal appeared to be moderated by participant hypnotizability and absorption levels.
INTRODUCTION R
ECENT ADVANCES in panoramic video camera systems have produced new methods for the creation of virtual environments. With these systems, users can capture, play back, and observe pictorially accurate 360-degree video scenes of "realworld" environments. When delivered via an immersive head-mounted display (HMD), an experience of presence within these captured scenarios can be supported in human users. Panoramic video camera systems may be used to create virtual environments that are immersive and invoke physiological response. In line with the theory of Foa and Kozak, 1 participants need to feel "present" in the virtual environment, the virtual environment should elicit emotional response, and cognitive changes must be generalizable to real-world situations.
Exposure to emotional situations results in regular activation of cerebral metabolism in brain areas associated with inhibition of maladaptive associative processes. 2 Identical neural circuits have been found to be involved in affective regulation across affective disorders. 3, 4 Systematic and controlled therapeutic exposure to physiologically arousing stimuli may enhance emotional regulation through adjustments of inhibitory processes on the amygdala by the medial prefrontal cortex during exposure and through structural changes in the hippocampus after successful therapy. 5 The value in using virtual reality (VR) technology to produce simulations targeting cognitive and behavioral clinical applications has been acknowledged by an encouraging body of research. 6, 7, 8, 9, 10, 11 Some of the work in this area has addressed anxiety disorders, 12 pain distraction, 13 posttraumatic stress disorder (PTSD), 14 and such cognitive processes as attention, 15 memory, 16 executive functioning, 17 and visuospatial abilities. 18, 19 VR offers the capacity for systematically delivering stimuli within an immersive virtual environment, thereby allowing for physiological response measurement to occur while a client is exposed to content that is more similar to the real world. Thus far, the recording of psychophysiological variables while participants operate within virtual environments has produced useful results in studies examining attention and presence. 20, 21 As such, the VR assets that allow for precise stimulus delivery within ecologically enhanced scenarios appears well matched for this research.
Researchers have found that the individual characteristics of study participants may impact the immersiveness and subsequent findings of a given study. Of primary import is the extent to which a participant is capable of "absorption" and "hypnotizability." 22 Hence, individual differences may moderate presence and confound findings. The propensity of participants to get involved passively in some activity and their ability to concentrate and block out distraction are important factors to consider when conducting a study. 23 Likewise, evidence suggests that hypnotizability plays a role in the outcome of studies using VR. 22 Research into these moderating individual traits is of value because such research may augment participant selection.
In this paper, we discuss findings from a study that used panoramic video-based virtual environments (PVVEs) to induce self-reported anger. The study assessed "immersiveness" and physiological correlates of anger arousal (i.e., heart rate, blood pressure, galvanic skin response [GSR], respiration, and skin temperature). Given the general consensus that a particular event or specific external agent, namely an individual, must be viewed as generating a negative event in order for anger to be evoked, 24, 25 this work focused on the use of PVVE scenarios that were captured in an office work environment that featured actors assuming the roles of hostile coworkers and administrators for use in anger arousal and management research. The presented findings report the impact of immersiveness on physiological arousal within a PVVE.
METHOD

Participants
Participants ultimately either were recruited by direct request or opted to participate after learning of the study from others engaged in the research process. The resulting sample included 41 participants (mean age ϭ 40.3; SD ϭ 14.68; 56% female). Ethnicity distribution was as follows: Caucasian ϭ 80%; African American ϭ 7%; Hispanic ϭ 10%; and Asian ϭ 3%. Participant work experiences included corporate, academic, medical, and independent environments.
Instruments
Psychological Measures. Participants completed a battery of self-report measures: the State-Trait Anger Expression Inventory 2 (STAXI-2) scale was used to assess anger; the Positive Affect Negative Affect Scale (PANAS) was used to assess affect; the Immersive Tendencies Questionnaire (ITQ) was used to assess presence; the Tellegen Absorption Scale and Openness to Experience Scale questionnaires were used to assess personality; and a visual analog scale (VAS) was used as an outcome measure of psychological change to identify perception of arousal (high, medium, and low). Figure 1 .
Physiological
All physiological signals were recorded by a ProCompϩ unit distributed by Thought Technology Ltd. Heart rate was recorded using blood volume pressure (BVP) sensors placed on the fingertips of the index and ring fingers of the left hand using Velcro strips. Respiration rate was recorded using a strain gauge sensor positioned 3 cm above the umbilicus. GSR and temperature were recorded via sensors taped to the third and fifth fingers of the left hand, respectively. Panoramic video scenarios were delivered via the VFX 3D HMD (Interactive Imaging Systems, Ltd).
Virtual Reality Scenario Example
Each scene opens to reveal the participant's desk and computer (positioned on the left side of the panel); within a few seconds, his or her "virtual boss" arrives and addresses the participant in a fairly hostile and condescending fashion. In this graphically represented sample scenario, the virtual supervisor makes the following statement in an ever increasing and threatening tone:
Okay, so listen. We've been at this for six months now. We have customers waiting, we got products to ship, you're just not getting it done. We're get-ting calls every other day from people. Now, what is it going to take? What do we have to do? If you can't make it, just let us know, and we're going to have to let you go . . . you're gone! Okay? So, this Friday, it's either ship this product or you might as well ship your own stuff out the door, 'cause that's where you're going. Okay? Ya get it?
Procedure
All analyses were completed by an experienced examiner who worked directly with each participant. First, consent forms were collected and intakes performed for all participants. Next, participants completed a battery of self-report measures: STAXI-2 scale, PANAS, Immersive Tendencies Questionnaire, Tellegen Absorption Scale, openness to experience scale, and the VAS. Subsequently, participants were exposed to the virtual environment using a compilation of virtual scenes (concert, elevator ride, automobile drive, and university football game) to allow them to habituate to the virtual environment.
Prior to obtaining physiological measures, all participants were asked to rate their state anger from 1 (not angry) through 10 (extremely angry) to assist an understanding of how to rate their anger after being exposed to upcoming scenarios. No individuals were excluded regardless of their initial response. This process also assisted participants in understanding how to respond to the scenes.
A synopsis of the scenes was presented prior to testing, with each participant's blood pressure recorded twice using an Omron digital blood pressure monitor placed around the right arm. Temperature was measured by a probe placed on the fifth digit of the left hand, heart rate by reusable silverized Velcro electrodes placed on the index and ring fingers of the left hand, and skin conductance (GSR) by a Velcro light sensor probe placed on the middle finder of the left hand. Upon completion of procedural explanations, recording of initial blood pressure measures, and checks of all physiological recordings, the protocol process commenced. Placement of physiological measurement feeds was tested at the start and periodically inspected throughout testing to ensure neither shifting nor slippage of the electrodes. Participants were able to move their hands throughout the testing process because the length of the feeds comfortably allowed for ease of movement.
RESULTS
To analyze whether group (imagery group versus virtual reality group) measures changed significantly from each other at each time point, a series of three (time) by two (group) mixed analyses of variance (ANOVAs) were run on each of the five dependent variables. For some of the dependent measures (SBP, DBP, MAP, and HR) there were significant changes, with differences found between groups for all blood pressure measures across time, as noted in Table 1 . However, no significant group by time interaction was found on any measure. Table 2 presents results of changes across time in physiological measures by group. In the imagery group, significant results were obtained in SBP and MAP, with marginal significance found in DBP and HR, while the VR group showed significant changes across time in HR only, with moderate significant effects noted in SBP. At each time point, imagery group statistics showed significant SBP and MAP effects at both midpoint and endpoint, marginal sig- nificance in HR at endpoint, and marginal changes in DBP and HR at each time point. The VR group showed significant results at both midpoint and endpoint in HR, with marginal results in SBP found at endpoint.
Subsequent regression analyses on the moderator variables associated with hypnotizability (Tellegen Absorption Scale, Immersion Tendency Questionnaire, and openness to experience scale) and anger (state anger, trait anger, and negative affect) were performed separately, with repeated measures collapsed into a change measure to assess interaction effects on physiological measures. Table 3 presents results of the Tellegen Absorption Scale on the relationship between group and physiological measures, suggesting that there is a slight moderating effect on the relation between group and SBP change at midpoint, with both groups showing small decreases in this measure with increased absorption. DBP change at endpoint was marginal for those in the imagery group but dropped significantly at endpoint as VR group participants became more absorbed. On the MAP measure, interaction is clear between group and hypnotizability in predicting change: moderate significant effects were achieved at both time points, with VR group participants displaying greater decreases over time than those in the imagery group. Changes in GSR were found at midpoint and endpoint, showing a similar pattern of effect within each group, namely, as absorption increased, those in the imagery group experienced increases of GSR change at both time points, whereas the VR group showed less change at each point. The consistency of effects in this measure suggests that, overall, individuals higher in absorption showed greater changes in arousal when exposed to imagery versus VR. Seven physiological measures were analyzed: systolic (SBP) and diastolic (DBP) blood pressure; mean arterial pressure (MAP); heart rate (HR); respiration rate (RR); galvanic skin response (GSR); and temperature (T). Seven physiological measures were analyed: systolic (SBP) and diastolic (DBP) blood pressure; mean arterial pressure (MAP), heart rate (HR); respiration rate (RR); galvanic skin response (GSR); and temperture (T).
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Results of whether the openness to experience domain moderates the relationship between group and physiological measures suggest a moderating effect on the relation between group and both DBP change and MAP change at both midpoint and endpoint. There also exists a slight moderating effect on the relation between group and temperature change at midpoint. Results are presented in Table 4 .
Descriptive statistics of subjects' VAS results of subjective anger experienced across the sample are reported in Table 5 and reveal a trend of consistent increases across scenario delivery overall. This result suggests that participants' perception of the scenes, whether using imagery or a virtual environment, induced anger responses.
A series of 13 (time) by 2 (group) mixed ANOVAs were run at each time point to further evaluate whether group measures changed significantly from each other; results are presented in Table 6 . Restricted attention was paid to the lower order trends based on the visual inspection of the results, which revealed a significant linear (low to high), quadratic (angry faster, leveled off), and cubic trend (angry fast, leveled off, and declined again at posttest). Therefore, both imagery and VR seemed to increase participants' subjective experiences of anger. However, VAS results reveal an overall effect of time that was not significantly different for the two groups.
DISCUSSION
Results indicate that both groups showed changes over time, although not across all physio-MACEDONIO ET AL. 512 Seven physiological measures were analyzed: systolic (SBP) and diastolic (DBP) blood pressure; mean arterial pressure (MAP); heart rate (HR); respiration rate (RR); galvanic skin response (GSR); and temperature (T). Seven physiological measures were analyzed: systolic (SBP) and diastolic (DBP) blood pressure; mean arterial pressure (MAP); heart rate (HR); respiration rate (RR); galvanic skin response (GSR); and temperature (T). logical measures. Results tended to follow the anticipated pattern of measures rising at each time point both across the sample and between groups, with GSR and temperature remaining relatively stable. This finding suggests that PVVE anger scenarios can be, at the very least, physiologically arousing. Further, it can be affirmed from the results that hypnotizability, as defined by the applied measures, interacts with group on physiological arousal measures. Hence, physiological arousal appeared to be moderated by participant hypnotizability and absorption levels.
Within the first class of individual difference variables, PVVEs appeared to have a nonarousing effect on those who were highly absorbed. High-absorption individuals may be capable of imagining and becoming angry when it is suggested, thereby not requiring PVVE immersion to assist them. Indeed, the results suggest that PVVEs may actually be distracting to individuals higher in absorption. MAP was affected at both time points in similar ways for both groups on the openness to experience scale, showing initially slight increases at midpoint with moderate decreases at endpoint. As participants increased in openness to the scenes, it is possible that they acclimated to the content that affected their physiological arousal. It can be affirmed from the results that hypnotizability, as defined by the applied measures, interacts with group on the arousal measure of blood pressure in only two of three scales, with some restricted effects seen in GSR and temperature.
Measures of anger and negative affect and blood pressure change across midpoint and endpoint were found in both state and trait anger, with heart rate being affected at both time points in negative affect. Although MAP increased and then leveled off for those in the imagery group, it consistently IMMERSIVENESS AND PHYSIOLOGICAL AROUSAL 513 To the credit of the scenarios developed for this study, at least 3 of the 10 most anger-provoking factors as defined by Mabel 26 were considered to have been effectively presented: experiencing personal degradation or unfair treatment (and being powerless to stop it); being treated unfairly, unkindly, or in a prejudicial way whether or not one is present; and being the object of verbal or physical assault. However, considering that many anger reactions are generated not by what is said but by how it is communicated (such as voice intonation, invasion of personal space, facial expression), one may argue that only one of the 10 scenes presented offered each of these elements. In retrospect, many subjects commented on a particular scene, complaining that the individual presenting the negative commentary was too much "in my face," which seemed to engender a greater anger response than did the others. Perhaps future research should include facial closeups that clearly display contemptuous connotations and undermining statements to effectively provoke an angry response, as opposed to full-body scenarios. Additionally, it is advised that subjects be offered a longer acclimation period to the environment in which the anger-engendering stimuli is presented so as to limit the amount of distraction that may occur when initially immersed into the settings.
An important limitation of the current study is that participants were neither clinically angry nor easily able to relate to the scenarios presented. Most of the subjects were employed outside the corporate sector, on which the scenarios were based, and when questioned upon completion of the study, admitted that very few scenes were individually relevant. Further, the number of subjects participating in this study may have been not only inappropriate given the lack of a clinically angry sample but also too small to truly test any meaningful factors concerning anger. A larger sample to test the hypotheses would have been optimal.
In summary, this preliminary study using a PVVE found absorption and hypnotizability to impact measures of physiological arousal. Future studies should make use of physiological data correlated with measures of immersion to augment and quantify the effects of PVVE scenarios.
